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I SUMMARY

The Space Environment Simulation Chambers under construction
at the Manned Spacecraft Center, Houston comprise two large, man-
rated chambers for the training of astronauts and for the testing of
spacecraft in an environment simulating some of the parameters of outer
space. 'In addition to the chambers themseives, the facility includes
vacuum pumping systems, liquid nitrogen and gaseous helium refriger-
ation systems, a solar simulation system, control and 1nstrumexj1tatlon,
and all necessary auxiliary equlpment.

Man ratxng of the chambers involves Lhe manlocks, access
arrangements and an emergency repressurxzatlon system. For the life
‘support of test subJect personnel, environmental control systems are
included as well as mon1tor1ng systems and surveillance means to collect
'physmloglcal data and insure safety.

- Hazards to which suited chamber subjects are exposed, as well
as the physmloglcal results of- departure from nominal env1ronmental
"parameters, are presented as background for the descr1pt1on of the
systems and equlpment spec1f1ed for the MSC facility: An 1mportant
safeguard for chamberipersonnel is the emergency repressurlzatlon
system Wthh is déscribed in some detail. The external env1ronmental '
.icontrolA systems are,‘als‘
and survelllance syste ]

ut_hned as well as. blO medxcal momtormg

far

The mcorporatlon of man- ra.tmg adds’ 51gn1f1ca.ntly to the i
complex1ty and cost of a simulation faczllty Although the prlmary
ob_]ect of a test may. be concerned with a component or a spacecraft,
the design of the systems, the equipment conflguratlons, and the test’ -
philosophy must’ refle the fact that humaén experlmentatlon is 1nvolved-{
Survelllance and em: 4 V_escue procedu’f‘é‘%‘”"must be estabhshed to
‘cover the ent1re ran es Lo

e The deSIgn o the Manned Spacecraft Center, Space Enwronment e
Slmulatlon Chambers
meeting the opera i
v,yAeronauhcs and Sp
.ments into a"p



11, INTRODUCTION

A, GENERAL REQUIREMENTS FOR MAN-RATING

In order to simulate the complex mission of space vehicles
at orbital altitudes, government and industry have built and are building
space environment simulation facilities. Some of these facilities
include provision for man-rating to simulate the effects on man of the

reduced pressures and thermal conditions existing in manned space
flight.

Significant change from the normal earth environmental parameters of
temperature, pressure and gas composition will result in his death,
hence a man-rated facility must provide an artificial viable atmosphere
for the test subject. Such a man- rated facility allows man in a space
suit, with an umbilical or back pack source of hfe _support, to enter an
: env1ronment of reduced pressures resembllng outer space to conduct
tests, operate test vehicles, be a subject for the gathering of physiolo-

- _ gical and psychologlcal data, and learn about and practlce space survival
SRR techn ques.; - . : R

'The 1ncorporat10n of man ratlng adds 51gn1f1cantly to the complex1ty and
cost of a . 51mu1at1on fa0111ty_ The de51gn must 1nc1ude features wh1ch

: The 1ncreased
: d. s tQ 'fghe chamber such as
manl cks and an'eme gency'repressunzatmn"’sysftem . The perlpheral
= ments i upport systems,’ blO medical momtonng and
l surve111 'nce systems:and medlcal facilities.

s1mu1at10n fac111ty ca.nnot be over- emphasmed
' Emergency condltlons' dur ng test perlods ma
= S . nts must be met regardmg survelllance of the
" human subJect and’ emerg,ency systems and procedures prov1ded for. '

termlnatlng reduced pre




of research and inve stigative studies involving human phys1ologlca1

responses and the combined evaluation of man and experimental
protective equipment. These basic tenets provide guidance for the
establishment of design criteria for manrated

space environment ° 1
mmul&tmn chambers. ‘ ' '

These ten principles are:.

P 1. Voluntary consent of the subject is absolutely

EE ‘ essential. Consent must be based on knowledge
and understandlng of the elements of the study‘f:f-'-"-5;’}'?-1: :
and awareness of possible consequences. The
duty of ascertaining the quality of consent rests

on the individual sc1entlst and cannot be delegate-d

LTl 2._ o The expe-nrnent should seek some beneﬁt to ol T
BTN o 'socmty, unobtainable by any other method

..,,

L The ex be 1ment should be. de51gned and based on
pri '1ma1\'study, the natural hlstory of the .

F. problem and other data)’ so that anti-

'_c1p‘ ed 'esu'ts may Justlfy the actmn ta.ken.

€ conducted to av01d unnecesﬂ
d'mental suffermg

is’ reason;to beheve that dea.th or dzsab111ty will
occur, except perhaps where the expenmenter

: houldrbe preparat:.onqand adequate faC].llt.leS
to protect _'he subject agamst even remote pos.31-
T dlSablllty or death




10. The investigator must be prepared to end the
experiment if he has reason to believe that its
continuation is likely to result in injury, disa-
bility or death.

C. HAZARDS

1, General. Hazard categories cover a wide area of
possibilities. The physiological consequences, to the extent that
they can be predicted, range from mild to critical depending on
circumstances, In a space simulation chamber the probablhty
of certain hazards and effects statistically outwelgh evén-
tuahtles, but ernergency and rescue procedures must be estab-
lished to cover the entire range of potential casualties. Space
chamber test sub_]ects are exposed to hazards in the following
categones-

Ca. Irhpairrhént of the artificial environment due to a
COVRI malfunctlon of the ECS eqmpment or a fallure of




(a) Constituent gases. Constituent gases and their
partial and total pressures should be as follows:

Carbon Dioxide 0 - 8 torr
Water Vapor 5 - 15 torr
Oxygen 150 - 420 torr
Inert Gases 0 - 560 torr
Total Pressure 155 - 760 torr

o (b) Temperature. With respect to temperature, it
ois dlfflcult to as 35sign.a required range since other factor'4 imust
:.be considered in maintaining a comfortable or non- stressmg
env1r0nment. "As'far as the human body is concerned, air
- -temperature, humidity, air velocity,. air demsity,- 1nsulat10n,
','and other-factors act to'produce the sensation of warmth or cold
L “thatis experlenced For a chamber occupant his environment

: should be-maintained s6 that his internal body temperature
fluctua.tlon is hm1ted to about t 1. 0°cC. :

"In a- hlgh vacuurn env1r0nment the extremely iow gas’ den51t1es
in'the Chamber preclude szgmﬁcant convectlve heat transfer :
from the external suit surface.. The pr1rna.ry mode is by
—rad1at10n »However,,,r didnt: heat transfer is usually 3 small

- varies is not controlhng, but other conmderatmns make the
most’ des1raWre1at1ve -humidity range’ he between 30 and 70
per cent For va.lues much. .below 30 per cerit; the mucous
-'membranes and skln surfaces become too- dry for’ comfort and
“health. For values’ above 60-70 per cent, there is'a tendency
for a Clammy or stlcky sensat1on to develop




decrease in temperature, may be sufficient corrective action.
Other situations will require that the test subject be removed from
the chamber in a normal fashion. The most critical circumstances
will dictate emergency repressurization of the chamber.

The following are some of the specific bio-medical hazards which
must be anticipated:

(a) Rapid decompression. The most extreme
bio-medical hazard requiring corrective action is sudden
decompression of the test subject because of the speed with
which decompression sickness and its attendant symptoms

. occur. . This ‘may result for example, from dccidental
. ;rupture of a space: -suit.or depressurlzation of the test vehicle,
,exposumg personnel to the full vacuum of the simulation chamber.

At aﬁ' altitude equivalent of 47 torr. (63,000 ft.), and at a
- normal body temperature (37, 5°C) the vapor pressure of
water is reached. _»Thls willy in the- unprotected subject,
' ~_icause body fluids’ to be vaporized A nd- gases contained in the
: lungs to-be. replac_wd by water-vapor.: This phenomenon is
- known as embohsnﬁ_ A.person could hve for approx1mate1y
'-’-35 seconds below 47 torr. o ‘

If the- pressure drop durmg l;he decompressmn phase 1s
suff1c1ently~ apid.to create a- transthoracm Ppressure -
d1fferent1a1 'omapprommately 88 mm Hg. ‘or more, severe
~damage: to the pulmonary tissues is probable, and death from
3 ._V.’_'maSSlV _hemorrhage may occur. The incidence of bends

: : ion of body gases is very hlgh where
r:mtrogen constltutes a:s1gn1flcant proportlon of the gaseous.

- 'env1ronmenm1rculatory collapse ind death are llkely to

" result unless recompressmn is accornphshed inga suff1c1ent1y

short t1me.

: Therefore, to avord death from a suit fallure, it is 1mperat1ve
' tha.t man- rated space env1ronment 51mulat10n chambers 'be '




As a reasonable procedure, the victim should be recompressed
to more than 47 torr within 30 seconds. To prevent the
secondary symptoms of hypoxia, further recompression within
an additional 15-30 seconds is needed. Recompression to one
atmosphere should be accomplished as soon thereafter as
possible. The maximum recompression rate may be taken as
approximately 1 psi/sec. In the event that bends occur, it may
be necessary to apply a pressure of 2-3 atmospheres as
quickly as possible. This will reguire the victim's removal
from the space simulator and transfer to ar appropriate
recompression chamber.

(b) Oxygen Deprivation. Hazards such as rapid
decompression, or other failures in the suit-umbilical-£CS
circuit will deprive chamber or vehicle personnel of their
oxygen supply. Body tissues continue to utilize stored oxygen
and anaerobic stores of energy until depleted. Massive
disruption of vital cells may occur leading to death, Elements
of the nervous system, particularly higher centers in the brain,
are highly sensitive to reduced oxygen and will be subject to
irreversible damage in several minutes if deprived of external
sources of oxygen. Immediate action is required to recompress
the subject or to restore a disrupted life-support system. An
Oxygen partial pressure of 100 mm Hg. is a temporary
minimum oxygen requirement. :

(c) Carbon Dioxide Excess. In a space suit or
test-vehicle cabin, the carbon dioxide partial pressure may
increase to dangerous proportions as a result of malfunction of
the CO, removal system. For normal operations, the carbon
dioxide partial pressure should not exceed approximately 8 torr..
Because__g_gzv becomes narcotic within several minutes at
approximately 75 torr, corrective action should be taken before
this level is reached. Early detection of CO, buildup should
provide ample time to remove a chamber or vehicle occupant.

"{d) Sound. Noise levels as high as 130 db can be
tolerated for periods up to 30 seconds without risk of tissue
damage resulting in hearing loss. Thisis roughly equivalent to
the time period required to raise the chamber environment to
a life-sustaining pressure. Maximum noise levels would be
expected during this phase. Additional helmet and earphone

pproximately ‘

attenuation will raise the tolerance to a
140 to 150 db. -




(e) Temperature. The wide temperature extremes
in the chamber produce the potential problem of frostbite caused
by accidental contact with the cryopanels, Skin temperatures
of 10°C (for hands) and 13°C (for feet) approximate the threshold
for frostbite, Quick removal and treatment of a frostbitten
subject is essential.

Failure of a suit heating system could resuls in an overall
cooling of the body. In the absence of protection against heat
loss, there is danger of lowering body temperature below the
lower limit for survival (25°C). Failure of the cooling system
in a space suit ECS may permit the elevation of suit temperature
when subjected to solar radiation. Although man has been known
to survive body heating to 42°C, the upper limit for optimum
physiological functioning is 409(3. In emergencies, the body can
tolerate envirqnmehtal temperatures of 250 to 300°C for four
or five minutes. Sufficient time for corrective action should be
available.

(f) Other;'Eme_rgency Considerations. Injuries of
varying description and degree may result from accidental falls
and félling equipment. The space suit and helmet will serve to
lessen the effects of these accidents. Minor or moderate
injuries will b,e_{be'st' evaluated by the subject himself. The
extent of more serious injuries which tend to be incapacitating
can be detected by the medical monitor. Nausea and vomiting
have serious implications and immediate removal of the subject
from the chamber is required. Voice communication from
affected personnel will be important in determining the extent
- of illness.

Y e < o




II1. MSC SPACE ENVIRONMENT SIMULATION CHAMBERS

A, PROJECT BACKGROUND

In February of 1962 proposals were invited from a number
of engineering firms to undertake a study to develop design criteria for ~
space chamber facilities required by the National Aeronautics and Space
Administration at Houston. Bechtel Corporation was selected to per-
form this study which was carried on from March through July of 1962.
The results were submitted to NASA in the form of a three volume
report covering studies, recommendations, cost estimates and design
criteria.

Subsequently Bechtel Corporation entered into a contract with the Corps
of Engineers, Fort Worth District, for the design of the Space Environ-
ment Simulation Chambers for the Manned Spacecraft Center based on
the previously completed study. Design work commenced on September
ber 10, 1962 and was substantially completed on August 14, 1963 with
the submisgsion of the final package of plans and specifications to the
Corps of Engineers. The design was accomplished with the assistance
of the following subcontractors and consultants:

Air Products & Chemical Corporation Refrigeration Equipment
‘Chicago Bridge & Iron Company Vacuum Vessels
General Electric Company - ' Data Handling System

Life Support System
Bio-medical Monitoring

National Res ea{_;‘ch Corporatien '~ Vacuum Systems

The Rucker Company Lunar Plane Hydraulic
Drive

Dr. Raymond Chuan Emergency Repressuri-

zation Effects

The design of the solar simulation system was conducted under a
separate contract between Radio Corporation of America and the
National Aeronautics and Space Administration.

The Space Environment Simulation Chambers: are presently under con-
struction at the Manned Spacecraft Center at Houston. Bechtel Corpor-
ation maintains close liaison with the Spacecraft Area Office of the ‘



Corps of Engineers at Houston furnishing advice upen request related
to interpretation of the plans and specification and providing the
services of consultants as required.

B. DESCRIPTION OF THE MSC HOUSTON CHAMBERS

One of the principal units of the Manned Spacecraft
Center is the Space Environment Simulation Chambers facility which
will have the capability of simulating the environment of outer space
and the lunar surface. This facility will be used for the testing of
spacecraft and the training of astronauts in preparation for the Project
Apollo manned flights to the moon.

The simulation fa_icility consists of four major struciures - the chamber,
refrigeration, pump and administration buildings. The chamber
building is a high-bay structure of approximately 26€,000 square feet
which houses two large man-rated space simulation chambefs, related
services, and work areas. The larger of the two chambers provides
simulated space and lunar surface environments and is primarily
intended for combined tests involving men and Apollo spacecraft. The
smaller space chamber will be utilized for life sciences studies and
astronaut training in addition to tests of single modules of the Apollo
spacecraft,

The refrigeration building contains the _liquid nitrogen refrigeration
system, with a 280 KW capacity for the chamber heat sinks. The
building also houses two dense gas helium units with a total capacity of
3.5 KW for the cryopumping system in the larger chamber. Adjacent
to the refrigeration building,storage is provided for approximately
100, 000 gallons of liquid nitrogen. The pump building houses the
rough pumping systém, repressurization system, service water
pumps, air compressors and other auxiliary mechanical equipment.
The administration building contains the bio-medical services, the
control room, data handling areas and the facility offices,

The larger chamber, shown in Fig. 1., designated Chamber A,consists
of a 65-foot diameter vertical cylinder, 80 feet in height with a
spherical top head and a bottom head of a semiellipsoidal form. The
vessel is constructed of Type 304 stainless steel and has an overall
height of 117 feet. The chamber will handle a spacecraft of up to
approximately 75 feet in height and 25 feet in diameter.

A side-hinged vertical door for vehicle loading is located in the
cylindrical section of the vessel with the bottom of the opening
approximately four feet below the lunar plane level. The door provides




a 40 -foot diameter clear opening and msay Le hydrauticaily opened, closed
and clamped from a remote control panei. There are four indivicdually
operated 25-ton hoists lacated above the top head of the vessel. The
lifting hooks may be lowered through penetrations in the head during
set-up operations in the chamber.

A spacecraft weighing 150,000 pounds may be supported in Chamber A
in a vertical position on a rotating platform simulat;ng a lunar plane

45 feet in diameter. The lunar plane rotation (- 18C°) can be controlled,
manually or automatically, to a maximum rotational 5peed of 1-2/3 rpm.
The lunar plane surface temperature is adjustable {from 100°K to 400°K
by the circulation of liquid nitrogen through the surface panels or by the
use of electric heaters under the panels. Instrumentation leads and
liquid nitrogen will be conducted through the hollow shaft of the lunar
plane assembly.

Thé interior of the chamber is lined with black;. nitrogen cooled,. ‘heat

" sink panels cooled to approxlma.tely IOOOK T,, ‘
extent, all surfaces in the chamber viewed by the vehlcle con51st of
. ;_v_heat smks. : Cryopump surfa.ces,, cooled -by. gase
»’-;;‘shlelded from the test vehlcle by 100 K hquld

the maximum practlcal

' -"Carbon arc solar. sunulators of modular de51gn are mounted external
“to the charnber walls on one- suie and the top." The sunulators
1rrad1ate the vehicle through: penetratlons in the wall at an 1nten51ty
“of 60°t6 140 watts/sq. ft. .. The target area: ‘of the side'sun is 13 feet.
wide by 33 feet high,. expandable in the future to 20 feet wide by
65 feet high. The target area of the top sun is 13 feet in diameter,

expandable to 20 feet in diameter at som?® future date

The smaller chamber, designated Chamber B, consists of a 35 foot
diameter vertical cylinder, 20 feet high with a hemispherical,
removable, flanged head, and a bottom head of a semiellipsoidal form.
The vessel has an overall height of 42 feet and is also constructed of
stainless steel. '

The chamber will handle a vehicle up to a maximum size of 13 feet in
diameter by 27 feet high. Vehicle access is provided by the removable
top head. A rolling bridge crane with a capécity of 50 tons will be
utilized to remove the chamber head or insert test objects in the




a 40 -foot diameter clear opening and ruay be hydraulicaily op:
and clamped from a remote control panel. There are four ine
operated 25-ton hoists located above the top head of the vesse
lifting hooks may be lowered through penetrations in the head
set-up operations in the chamber.

A spacecraft weighing 150, 000 pounds may be supported in Cl
in a vertical position on a rotating platform simulating a luna.
45 feet in diameter. The lunar plane rotation (* 18C°) can bc
manually or automatically, to a maximum rotational speed o1

The lunar plane surface temperature is adjustable irom 100 K
by the circulation of liquid nitrogen through the surface panel
use of electric heaters under the panels. Instrumentation lea
liquid nitrogen will be conducted through the hollow shaft of tl
plane assembly.

The interior of the chamber is lined with black, nitrogen cool
sink panels cooled to approximately 100°K. To the maximum
extent, all surfaces in the chamber viewed by the vehicle con
heat sinks. Cryopump surfaces, cooled by gaseous helium a:
- shielded from the test vehicle by 100°K liquid nitrogen cooled

The chamber vacuurn system consists of a cornbination of me
and diffusion pumps and a 20°K cryopump array using dense ;
helium. The chamber will pump down to 1 x 10~ -5 torr in les:
twenty-four hours with a gas in-leak ¢f 27. 6 torr lit. /sec.

Carbon arc solar simulators of modular design are mounted «
to the chamber walls on one side and the top. The simulator:
irradiate the vehicle through penetrations in the wall at an in:
of 60 to 140 watts/sq. ft.. The target area of the side sun is 1
wide by:33 feet.high, expandable in the future to 20 feet wide
65 feet high. The target area of the top sun is 13 feet in dia
expandable to 20 feet in diameter at some future date,

The smaller chamber, designated Chamber B, consists of a
diameter vertical cylinder, 20 feet high with a2 hemispherica
removable, flanged head, and a bottom head of a semiellipsc
The vessel has an overall height of 42 feet and is also constr
stainless steel. '

The chamber will handle a vehicle up to a maximum size of

diameter by 27 feet high. Vehicle access is f):ovided by the
top head. A rolling bridge crane with a capdcity of 50 tons v
utilized to remove the charnber head or insert test objects 1




chamber. A spacecraft weight of 75, 600 pounds may be supported on

a fixed, simulated lunar plane 20 feet 1n diameter. The lunar plane
surface temperature can also be controlled from 80°K to 400°K. As

in Chamber A, the interior of the chamber is lined with black, nitrogen
cooled heat sink panels at approximately 100°K. However, no
cryopumping is provided. To the maximum practical extent, all
surfaces in the chamber viewed by the vehicie consist of heat sinks.

The chamber vacuum system consists of a combinarion of mechanical
and diffusion pumps. Chambers A and B use a common rough pumping
system. The chamber will pump down to 1 x 10-4 torr in approximately
three hours with a gas in-leak of 25.7 torr lit. /sec.

The Chamber B solar simulators are the same type as for Chamber A
except that Chamber B has a top sun only. The target area for the
sun is 5. 6 feet in diameter, expandable in the future to 20 feet in
diameter,

Figures 2 through 4 show the general arrangement of the facility in
plan and elevation with particular emphasis on man-rating features.




Iv. FACILITY REQUIREMENTS FOR MAN-RATING

A MANLOCKS

The increased facility requirements for man-rating
include additions to the chamber such as manlocks and an emergency
repressurization system. Personnel access to Chamber A during
testing is through a double manlock at the lunar plane level and a
single manlock at the platform level, elevation 31-feet. Additional
access during non-operative periods is through the 40-feet diameter
side door and by a door at elevation 62-feet which can be incorporated
into a future manlock. Access to Chamber B is provided by one
double manlock. FEach lock unit has a nominal floor area 9-feet by
10-feet for the accommodation of three men. Excent for the.chamber
side doors of stainless steel, the locks are constructed of carbon
steel. Figure 5 is a sketch of a double manlock.

The double lock is composed essentially of two parallel single locks
with interconnecting double doors. The double lock may be used for
astronaut testing exclusive of the main chamber. The doors through
o the chamber shell are designed to withstand full atmospheric pressure
' from either side. The exterior doors and the interconnecting double
doors in the double manlocks are designed for full atmospheric
pressure only on the hinge side of the door. The exterior and interior
doors of the singie manlocks are designed for full atmospheric pressure
on the-hinge side only of the door.

All doors are side hinged and provided with quick-acting clamping
devices for initial seating of the door seal. The clamping devices on
all doors except the doors through the chamber wall are operable from
one side only and'are a fall-away type which permit the Clamps to
dlsengage whem-the doors become pressure seated.

The inner manlock door is capable of being opened from either inside
or outside by a man in a full pressure suit and has quick-opening
latches. The outer door is arranged to swing away from the lock and
is capable of being opened from the outside only. Doors have a min-
imum clear width of about 42 inches and a minimum height of 7-feet.

Each manlock in Chambers A and B has its own mé.chanical vacuum
pPumping system. The manlocks have the f_ollqwing,specified
capability: L

-~ 0/ }ﬁfw\,[w/(: ’M—é/ﬂ—.//m«u L1z Lot /J “"‘“'f“"’ *t ’Q“-fl’{""‘— . /j,, - /1-_ 1.
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Ultimate pressure of 5 x 107 torr with a gas
inleak of 5.0 torr liters/sec. from the operation
of two suited personnel.

. Altitude control to maintain test pressure at a
c,}Pf pre-set point between 760 torr and 15 torr.

Maximum descent rate limited to 100 torr/minute.

—55 /"I/i.( JY D\//L‘YM Lt ’4,1'9—'-'; I:‘ e i ‘,'L “'f“i» TR A S ¢ Ta {oi” e T s
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The following equlpme s Tocated on each manlock control pancl

Switches to operate the openings of the vacuum
system for the manlock with appropriate indicators.

Controls for the altitude control system indicators
b ' and.recorders of pressure.

Door position indicators.
Valve position control and indicators.
Communications station.

Emergency repressurization switch,

B. REPRESSURIZATION

1. General. Several repressurization systems are

provided for the MSC Space Environment Simulation Chambers.

Primary emergency repressurization will increase the chamber

pressureﬁi_l;om 10~5torr to- 6 * 1/2 psia (310 torr) total pressure
Tt : and 4 ¥ 1/2 psia {207 torr) Oxygen partial pressure in 30 seconds.
fn Provision is made to hold the pressure at 6 psia. A secondary
emergency system will repressurize the chamber with air from
6 psia to 14. 7 psia within 60 seconds additional time after '
completion of primary repressurization. Fast normal
repressurization will raise the chamber pressure from 1075
torr to 6 psia in 30 minutes and slow normal repressurization
will raise the pressure from lO-5 torr to 14. 7 psia in 6 hours,

The time pressuxe proflle for repressurlzatlon has both high and

low limits. The maximum time allowable is set by v1ab111ty limits and
is a function of the recompressmn gas specie. The viable
env1ronment depends upon a suff1c1ently high total pressure _

58 <. Paragraph
lchodul will b

:Anjadditional repreasurization
minutod;- Slow normal repressur~
he indicated 6 hours. - The- gases used

tionfhave natzbeon finally dete;m*nad




and partial pressure of oxygen. The MSC chamber repressurization
system 18 based on the use of two gases: OXYgen and nitrogen

An additional consideration in determining the limiting time to

attain a viable environment is the interval required for rescue
and to reach medical facilities.

A flow schematic diagram for the repressurization system 1s shown
in Fig. 6.

2. Primary Emergency Repressurization. Primary

emergency repressurization s accomplished by the rapid

release of nitrogen and then oxygen into the chamber from high
pressure storage sources. Nitrogen and oxygen are stored at
3300 psi in standby repressurizing gas cylinders. To compensate
for possible leakage of gases make up is provided from cylinders
at 4000 psi. The make up gas supplies are common to Chambers
A and B and the gases are manually fed to the standby gas
cylinders whenever the gas pressure falls below limits. 7To
minimize infiltration of moisture and condensation of gases from
the atmosphere, the repressurizing gas pipe line immediately

connected to the chamber p_enetrations is connected to a nitrogen
supply and maintained at 1-1/2 psia during standby conditions.

- At the initiation of repressurization and prior to the admission of
~oxygen to the chamber, the diffusion pump valves close, the ,
diffusion pump quick cool valves open, the liquid nitrogen shroud
inlet and bypass valves open, the helium cryopéinel outlet valves
close, all mechanical vacuum pumps stop, and low pressure

nitrogen is a.dmitted to the diffusion pumps$s and vacuum
lines. = - '

EEY

After initiation of repressuriz“ztion, parallel explosive valves

V-1 and V-2 open increasing the differential pressure across
diaphragms D-1 to 4 causing them to rupture;:- The nitrogen is
released to flow from standby storage into the chamber. Valves

v -7 through V-11 are sequentially opened releasing oxygen. These
high pressure valves are connected in parallel for redundancy and
to provide necessary capacity. They function as variable
'restricting orifices to regulate the flow rate, gas velocity, and

pressure and maintain a reasonably uniform mass flow.

The nitrogen and oxygen are introduced into the chamber at four
places through vacuum valves V-3%through V-6. As the gas
enters the chamber, it is diffused through four perforated
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C-headers into a plenum space and upward through liquid nitrogen
cooled baffles which direct the gas approximately equally to the
front and rear of the shroud to prevent excessive dynamic forces
on the shroud or test subjects. The perforations in the
C-headers are holes 2-1/2 in. diameter spaced at 4-in. centers.

3. Design Considerations.

(a) Temperature. To meet the performance
requirements for maximum and minimum temperatures, the
timing and gas flow rates in the system must be optimized
from theoretical and practical considerations.- Three major
factors affect the gas temperature in the chamber after
repressurization. These are adiabatic or flow work, the
Joule-Thomson effect, and surface heat transfer,

Upon initiation of eémergency repressurization the gas is
allowed to expand from the high pressure cylinders into the
low pressure chamber. The gas at the higher pressure begins
to cool, due to isentropic expansion, while that at the lower
pressures in the chamber begins to increase in temperature.
Being non-ideal g'a.s'es,;the nitrogen and oxygen also exhibit a
temperature drop after throttling from high pressure to low
pressure due tg" the Joule-Thomson effect. As soon as ths
‘temperature of the ‘repressurizing gas differs from the
Jsur_r_oundi.ngi_sur,_i;a.ces, such as the vessel walls and cryogenic
panels, heat transfer occurs. In the system design, each of
these three phevf;pmena were analyzed separately and then
superimposed to obtain the final solutions. Figure 7 shows
typical pressure, . time, temperature relationships after
-initiation of emergency repressurization.

B

T Y Gas Expansion and Compression. The

gas experiences fiow work on entering the chamber
from the storage system. Therefore, the gas
temperature in the chamber rises at the initiation

of repressurization. This rise in temperature will
be of the order of 200°F. However, there is also a
cooling effect due to gas expansion in the storage
cylinder. If the gas from the cylinder were allawed
to expand indefinitely, the stored gas temperature:
would theoretically drop to absolute zero. Excessive
drops in gas temperature would cause liquefaction and
solidification of the gas. By adjusting the retained
volume of stored gas the resultant temperatuljé due to
the compr ssion and expansion may be limited to a




2. The Joute-Thoimson Effect.  The Jouie-

Thomson elfect plays an important role in repressuriza-
tion utilizing stored high pressure gases. When nitrogen
at 80°F is throttled from 3300 psi to atmosphere it will
experience a temperature drop of approximately 100°F.
The gas temperature at the end of three seconds is
determined by the expansion and compression and the
Joule-Thomson efiect. This temperature is maintained
as high as is practical in the present system. However,
the temperature of the gas after primary emergency
repressurization to 6 psia is primarily determined by
heat transfer with the cryogenic shroud. ' ' '

3. Heat Transfer. The chamber contains
large surfaces which behave as an active heat sink to the
repressurized gas., The principal surfaces are the
liquid nitrogen shroud, helium cryo arrays, and the
chamber walls. Figure 7 shows the average gas tem-
perature at the center of the work zone and the cryopanel
temperature with and without the addition of heat, It
can be expected that the temperature near the cryopanels
will be considerably lower than the average.

(b} Gas Heating. To raise gas temperature after
primary emergency repressurization means for heating the gas
is provided. - The system consists e’Ssenfia_.lly of a blower and
fin and tube steam heat exchanger, U‘A'portion of the repressuri-
zing gas is drawn from the top of the chamber and, after
being heated is returned to the bottom of the chamber. The per-
forated C-headers located in the chamber plenum are utilized .-
for recirculation of the gas.

(c) Dynamic Gas Flow. While problems related to
rapid decompression define the pressure time profile necessary
in emergency repressurization, other physioclogical considera-~
tions impose additional constraints on the system. Dynamic air
pressure encountered by an astronaut during emergency
repressurization of the chamber may present problems similar
to those experienced by a pilot being ejected from anaircraft.
An unrestrained and unprotected astronaut in a space chamber
is subject to the hazards of injury résulting from being thrown
to the floor, against hard cbjects or g':-'ryogenic surfaces. To
minimize the possibility of injuries from these causes, gases
are baffled and the dynamic pressures reduced to the maximum

practicable extent. The supports and sizing of cryogenic system




elements in the chamber are desigred with consideration also
being given to the dynamic gas forces involved during emergency
repressurization.

(d) Oxygen Compatibility. Consideration has been
given to problems associated with oxygen and hot diffusion pump
oil during chamber emergency repressurization. The fluid in
both the manlock vacuum pumps and in the chamber diffusion and
roughing pumps is oxygen compatible to prevent explosion or fire.
In addition, all materials in the chamber which may come in
contact with an oxygen environment have been selected on a basis
of oxygen compatibility. All exhaust or relief lines from the
oxygen system are ducted outside the facility building or vented
into a safe area.

(e} Other. Therate of pressure increase is limited
toc a maximum of 0.5 psi/sec. to prevent injury to personnel
caused by too rapid pressure changes.. To limit further the noise
level in the chamber to acceptable levels, a silencer reducer is
provided in the repressurization system.

4. - Secondary Emergency. Following emergency re-
pressurization to 6 psia, it may be desirable to hold the chamber
at this pressure level for a considerable period of time. If the
situation requires :raising chamber pressure to atrnosphéric pressure
without delay, this may be accomplished within 60 seconds utilizing
atmospheric air admitted through valves V-12 and V-13.

. 5. Normal Repressurization. This system will raise
the chamber from 10-2 torr to 6 psia in 30 minutes or to 14. 7 psia
within 6 hours as required. Filtered atmospheric air is employed
as the repressurlzlng medium. Air is introduced into the re-
pressurization header through either of two parallel isolation valves,
V-~-14 and V-15, one fora fast rate and the other for a slow rate, and
into the chamber through valves V-3 through V-6. The air filter,
blower and heater for the normal repressurization system are also
used for chamber heating and ventilation.

6. Manlocks Repressurization System. The manlock
emergency system has the capability of raising manlock pressure
to 6 psia within 30 seconds and to one atmosphere within approx-
~imately 90 seconds. To repressurize a manlock, atmospheric air
is admitted through a fllter, restrlctwg Qriﬁce, vacuum valve and
T-header. To minimize acoustic level and pressure shocks, the
T-header is perforated and located belqw,thg. floor inside the -




manlock. The repressurizing air is then directed
through slotted openings along the side walls,

C. CONTROLS

Separate, independent repressurization control systems
are provided for the main chamber and for each manlock. The
design provides for the initiation of emergency repressurization by
loss of space suit pressure or by the actuation of a switch on the
bio-medical control console. Suitable baro-switches and circuitry
in the space suits can be provided to initiate repressurization upon
loss of suit pressure. Redundancy to ensure system reliability is
provided by utilizing two independent circuits.

To avoid false tripping in case of baro-switch failure, the system is
designed so that repressurization is initiated only if two of the three
baro-switches in the same suit make contact. For manual operation
of emergency repressurization console switch contacts are connected
in parallel with the baro-switch relay contacts and produce an
essentially identical sequence.

Provision is made for a "hold' switch on the bio-medical console
which provides the bio-medical monitor with the capability of helding
all emergency repressurization functions in the event the monitor has
reason to evaluate the extent of the emergency before permitting
repressurization to proceed. '



V. LIFE SUPPORT REQUIREMENTS

A, GENERAL

Life support system requirements for the Space Environment
Simulation Chambers include specialized equipment and dependable
operating procedures. The equipment includes: the ECS, or environ-
mental control system, which produces, regulates, maintains and delivers
the ecological environment for the subject; the contzol, instrumentation
and data handling system which monitors, controls and records bic-
medical and life support data assoc.ated with the subject; and the sur-
veillance system which provides constant monitoring of the subject. In
addition, but outside the scope of this project, life support requirements
include the space suit, helmet and umbilical connections which enclose
the subject and protect him from the hostile chamber environment. Iso
required are medical equipment and procedures to 'pre-flight'" examine
the subject,affix bic-medical sensors, suit the subject and test space
suit integrity, ''post-flight'' examine and treat the subject and provide
emergency treatment in case of accidents.

B. ENVIRONMENTAL CONTROL SYSTEM

1. General Description. The ECS provides all basic
life support requirements -for personnel wearing space suits and
subjected to pressures from one atmosphere to high vacuum.
Several techniques have been considered to provide the basic
functions. The internal system based on a self-contained back
pack is described in a later section for future use. The external
system using an umbilical cord is the primary system for the
Space Environment Simulation Chambers at Houston.

The ECS system is a closed loop, single gas system which pro-~
vides breathing and ventilating oxygen to suited subjects through
umbilicals connected to penetrations in the chamber and manlock
walls. The oxygen is recirculated and conditioned in a closed cycle
system to control and monitor total pressure, carbon dicxide
partial pressure, temperature, flow and relative humidity. A

flow diagram for a typical ECS is shown in Figure 8.

An ECS includes all the mechanical equipment external to the
chamber or manlock which supplies the conditioned gas to the
chamber penetration and the necessary irﬁ—,éti’umentation and control
of the system. The mechanical equipment includes the external
intérconnecting lines, penetration fittings or closures and ECS

~ modules. - L R '




2. Requirements, Following are the perfiormance require-
ments established for each ECS.

a. The system will have a cooling capacity of 2000 Btu
per man.

b. The system will be designed for a total umbilical-pressure
suit pressure drop less than 2.0 psi.

c. The system will provide gas flow per suit up to 20 cim
at up to 20 psia, equal to 144 lbs/hr.

d. The breathing and ventilation gas wiil be pure oxygen.

e. The system will provide suit ocperating pressures between
3.5 and 5.0 psia.

f. The systemn will provide gas inlet temperatures from
40°F to 70°F and variable relative humidities.

g. - The system will provide a COZ partial pressufe below -
8 torr.
3. ECS Modules. Eight ECS modules are provided for

the facility. Each module will function over a pressure range from
14. 7 to zero psia and may be used for either chambers or their
~manlocks. FEach module will supply the requirements for three test
subjects. Parallel ECS modules are connected to each chamber and
manlock and each module is connected to all penetrations in chamber
or manlock respectively.

Chamber A%will have ten active ECS penetrations and four blanked
off (for future upgrading). Six ECS penetrations are accessible at
the lunar plane elevation and four are located at elevation 31-feet.
Chamber B will have six ECS penetrations at the lunar plane
elevation. Each of the manlocks (three on Chamber A and 2 on
Chamber B) will have two penetrations which will support three
test subjects. Each ECS miodule consists of the following oxygen
compatible equipment:

a. Positive displacement blower to provide circulation.
b. Heat exchanger and refrigerator 't.lo,'cool gas and condense -
moisture. ‘
S Carbon dioxide absorbers in parallel to provide capacity

for regeneration.



d. Mechanical vecuwm pumnp t¢ evacuate moaule
or components prior to filling with breathing oxygen.

e. After cooler and heater to control gas temperature to
test subject.

f. Oxygen storage for normal and emergency make-up.

g. Instrumentation for control and monitoring of critical
parameters such as temperature, flow, carbon diox-
ide partial pressure, etc.

4, Operation. The operation of a chamber ECS is
described as follows: e

Prior to connecting a suit umbilical the system is evacuated with the
vacuum pump and repressurized with breathing quality oxygen. The
oxygen for norrmal make up and filling is stored in two 2000 psi cylin-
ders, each containing approximately 16.5 pounds. A supplemental
storage consisting of four oxygen cylinders provides increased capa-
city necessary in the event of suit or umbilical failure during an

" opérational run. ~The oxygen is supplied to the system ahead of the
blower. ' ' '

" During normal operation the absolute pressure control valve V-1 main-
tains a pre-set pressure at the inlet to the blower by regulating the
oxygen flow from the make-up oxygen supply. In the event of an
increase in chamber pressure above 0 psia, the differential pressure
controller (DPC-1) operates valve V-2 to raise the pressure and main-
tain-a 2.5 psi pressure differential between the inside of the suit and
the chamber pressure.- In the event of a decrease in chamber pressure
DPC-1 opens valve V-3 to reduce the ECS pressure to maintain the
2.5 psi pressure differential. In the event of system rupture, pressure
suit failuré; or excessive leakage, DPC-1 opens valve V-4 to supply
sufficient flow from the emergency Op supply. The ECS also prowvides
control from DPC-2 to operate PVC valve V-5 to maintain a proper
pressure differential across the space suits.

T
i

The exhaust gas from the test subject is pressurized by the blower,

The flow in a bypass around the blower is automatically regulated to
provide the desired pressure drop and flow through the system. After
discharge from the blower, the oxygen is cooled in a heat exchanger to
lower the temperature and humidity. Excess moisture is condensed and
drained into a collection reservoir. Suitable valving allows the conden-
sate to be drained without interrupting operation of the ECS. The oxygen
is then passed through a selective filter to absorb the carbon dioxide.
Before returning to the test subject the oxygen is cooled and reheated ar




each penetration to provide the proper temperature for ventilating
flow to each suit. Each suit temperature may be individually controlled.

5. Monitoring . Two identical, free-standing consoles
are provided in the Control Room complete with the instrumentation
necessary to monitor all environmental control systems corres-
ponding to each chamber and manlock. The consoles are designed to
accommodate two seated monitors, one for the spacecraft cabin
ECS and one for facility ECS. The following variables are presented
on the facility ECS console:

Monitors and alarm lights

Total system pressure
Partial Oy pressure
Partial CO; pressure
Ventilating O; flow
Make up Ozflow

Alarm lights only

Emergency O, storage pressure
Make up O) storage pressure
Condensate collector level

ECS outlet temperature

The panels on the ECS modules include the following equipment
and readouts:

Partial O, pressure analyzer with indicator

Partial CO; pressure analyzer with indicator

Supply/return differential pressure controller

Total pressure indicator

Ventilating O, flow indicator

Switches and lights for instrument power, blower,
vacuum pumps, condensing unit and coolant pump.

C. BIO-MEDICAL MONITORING

1. General. Bio-medical monitoring includes the
instrumentation and—s‘;stems of data acquisition for monitoring
ecological and physiological parameters of test subjects in the
chamber. The purpose of the instrumentation is to acquire data
involving human physiological responses for the combined evaluation
of the subject and experimental protective equipment, and to permit




surveillance at all times of the physiological, psychological and
environmental status of the test subject. Principal elements of
a physiological or bio-medical instrumentation system are the
sensors on the man and the associated circuits which transmit
bio-medical data to the bio-medical control center. See Figure 9
for a typical bio-medical system information flow diagram and
control panel definition.

Physiological and environmental parameters are displayed on
meters and indicators on the bio-medical consoles in the facility
control room. Here, bio- medical monitoring personnel,- by .
surveying the instruments and communicating with the test subject
by voice and TV links, are cognizant of his status and can take
appropriate action when required to insure his safety. As an
~added precaution, automatic alarms are provided to sound when .
parametrlc values follow unfavorable trends or exceed safe limits,

o Ll B1o medical Monitor Console. Two b10 medical
-momtor ‘consoles are provided in the control room, one for each

o 'chamber,.furmshed with the instrumentation necessary to monitor

physiological and suit environmental” parameters necessary for
.the test subject in the space environment. ‘Each console is

~-.arranged to accommodate two seated persons. The arrangement

f,_,permlts momtorlng six subjects, each with his own- corresponding

* "-‘,_;set of vertically arranged instruments. In addition, both end -

panels of the console are removable so that future consoles
modules may be added. Each console is fitted with instruments
as follows:

, (a) Locatlon Display. A display is provided to
-show the location of the test suDJect belng monitored.

(b) Subject Identificatior: A card holder is provided
for insertion of the monitored subject's identification.

(c) ECS Module. A card holder is provided for
identification of the monitored subject's life support system
in use.

(d} Elapsed Time of Test Readout. A five digit
display of elapsed time is provided to count the number of one-
second pulses and continuously dlsplay the elapsed time of a
test.



(e) Subject Parameter Meters. Meters with vertical
scales, high and low limit sittings, and colored status indicator
lights are provided for the fcllowing parameters:

Respiration rate - scale 0 to 60 counts per minute,
Body temperature - scale 90 to 1050F,

Suit pressure - scale 0-20 psia,

Partial pressure CO; - scale 0-20mm Hga,

Suit inlet temperature - scale 40 to 1C00F.

(f) Parameter Recorder. A muiti-channel,_ variable
speed, oscillograph recorder is provided to accept signals from the
subject parameters displayed on the console,

(g) ECG/Blood Pressure Oscilloscope. An oscillo-
scope 1s provided for display of either the test subject electro-
cardiogram wave form or blood pressure.

(h) Chamber Emergency Repressurization Switches,
Two switches are provided in the center of the console fact for
initiation of emergency repressurization, one is colored red and
labeled EMERGENCY REPRESSURIZATION START and the
other is black and labeled EMERGENCY REPRESSURIZATION
HOLD, :

3. Surveillance of Test Subject. One of the most
important features of a man-rated space chamber is adequate
provision for surveillance of the physiological and psychological
condition of the subject. In addition to bio-medical sensors,
continuous surveillance of test personnel in the MSC chambers is
provided by direct visual observation, by television, and by voice
communication. ' '

(a} View Ports. Direct visual observation is the
most obvious and least complex method of surveillance. View
ports are provided in the chamber and manlock walls to permit
observation of test subjects by the test conductor and bio-
medical observers. There are nine view ports in the cylindrical
portion of Chamber A and four in the top head, dne in each of the
four top hoist hatchcovers. Chamber B contains four view ports.
The double manlocks contain ten view ports and the single man-
lock on Chamber A has five, '

Two view portsfrom the maniock to chaffx‘ber are provided, one
located on the side and the other in the inner manlock door.
These are to be used by standby and '



rescue personnel in the manlocks for observation during the
progress of tests. All view ports are ten inches in diameter,
of double walled glass with a desiccant between,

Lighting is provided for the interior of the chambers and manlocks
and is connected to the emergency power system to preclude the
possibility of failure during test conditions. '

(b) Television. Complete closed circuit television
systems are provided to permit observation of personnel in
Chambers A and B and associated manlocks, The systems con-
sist of cameras, control units and monitors. In each chamber
three cameras are placed to view the lunar plane, and one to
give coverage of the upper part of the test article. In Chamber
A a fifth camera views the walkway at elevation 31-feet,
Cameras within the chambers are fitted with zoom lenses and
are mounted on remotely controlled pan and tilt units, A fixed
lens camera is located outside each manlock to view the
interior through a special port.

Two similar consoles, one for each chamber, are provided in
the control room for mounting monitors and controls. Tele-
vision monitors are located at the test conductor's console,
bio-medical consoles and television control consoles and are
fitted with 10 channel selector push button units to permit
switching to selected cameras. -

{c) Voice Communications. An operational
communication system is provided consisting of multi-point,
two-way, voice communication stations located at various
control consoles and panels throughout the control room and
at other points. where control of a test may be exercised. A
special feature of the station on each bio-medical console is a
series of three pushbuttons which Permit private conversations
between the bio-medical console operator and any one of the
three subjects in the chamber or manlock supervised by that
particular station. The test conductor stations are also
capable of monitoring the conversations between bio-medical
console operators and test subjects.

The communications system normally operates from a 120 volt,
60 cycle supply, but on power failure, an automatic switch
transfers the system to a 28 volt, emergency standby battery

supply.



VI. PERIPHERAL EQUIPMENT

A, MEDICAL FACILITIES

A medical area is included in the facility to support
rescue, examination and treatment of test subjects, as well as to pro-
vide for normal medical services associated with test Operations.

The size of the medical area was determined by the anticipated number
of subjects that will be involved simultaneously in a test. The medical
area has been located as close as practicable to the test chamber and
will provide necessary space for the required eéxamination tables, and
such equipment as a respiratory resuscitator, a cardiac monitoring and
resuscitation unit, émergency surgical instruments, rolling stretches,
drugs, etc. The medical facility should also have a recompression
chamber capable of holding one recumbent person and an attendant.

This unit is needed in the event decompression sickness does occur.

In addition to the above facilities for emergency procedures, the
medical area should also include a test subject preparation area where
pre-test physical examinations are conducted, a bio-medical area for
fixing sensors to the subject, a space suit area for assisting the test
subjects into space suits, and an area for testing integrity of the space
suit and bio-medical instrumentation, '

A denitrogenation room is included to prepare the test subjects prior
to entrance into the vacuum chamber. Here, test subjects in space
suits breathe Oxygen to purge nitrogen from their bodies and reduce
the possibilities of the bends, or decompression sickness.

An aiz‘-conditioned, clean area is needed for the proper storage, main-
tenance and testing of space suits and equipment. The area and
facilities must be capable of accommeodating the personnel required
for the test mission, as well as those standing by for relief or rescue
functidns,

B. EMERGENCY POWER

An emergency power source is provided to supply the
environmental control systems, the biomedical monitoring systems,
and the emergency lighting system. Emergency power automatically
Comes oOn the line, supplying these systems in case of a Primary
power failure to the facility. The system is designed to provide power
for the period of time necessary to allow safe exit of personnel from
the chamber. '
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C. FUTURE REQUIREMENTS

Development work is in progress on portable back pack
ECS. The back pack consists of a closed loop, self-contained, self-
powered ECS carried by the subject. A microwave link is used for
voice communication and bio-medical monitoring. When back packs
are in general use, umbilicals may no longer be required. The use of
back packs will result in increased mobility for chamber workers and
should provide greater flexibility in testing. Back packs will be used in
actual space flight, orbital rendezvous and docking and exploration of
lunar and planetary bodies, and therefore provision must-be. included
for their testing and use in space simulation facilities.

1. Back Pack Exhaust. The presently conceived
back packs continuously exhaust water vapor which results from
suited occupant's respiration and other body functions. The
exhaust gas load from a back pack is estimated to be about one
lb/hr of water vapor. One pound of water vapor per hour represents
a virtual condensable leak of 120 torr liters/sec.

(a) Effect on manlock. The introduction of the
back pack gas load into a manlock will require special features
to permit venting of the manlock to the chamber without causing
an excessive pressure rise within the chamber. Two methods
may be used to handle back pack exhaust in the manlocks:

(1) removal of water vapor from the manlock by exhausting
through an umbilical to an external ECS, or (2} removal by
condensation through the addition of cryocondensing surfaces
connected to the manlock. The operation of back packs in a
manlock at higher pressures consistent with the capacity of
the pumping systern is permissible. However, in this case
it is necessary to remove the additional water from the
mechanical pumnp oil of the manlock pumping system by an
auxiliary system. -

(b) Effect on Chamber. To operate diffusion and
¢ryogenic pumps, it is necessary to evacuate the chamber with
a roughing system to a pressure below 1 x 10”% torr. The
roughing system is not designed to handle back pack exhaust,
hence, auxiliary equipment is required. The back pack exhaust
may be connected by an umbilical to the chamber ECS. The
ECS may be modified to handle the water vapor. After
operating pressure is achieved, and with the heat sink cooled to

liquid nitrogen temperature, the umbilical may be disconnected
and water vapor exhausted to the chamber walls.

4. Paragraph VI, C. - Microwave link bio-medica] memis



As an alternate, the back packs may be operated in the chamber
below 10 torr during the roughing cycle with the heat sink
cooled. The heat sink would condense the chamber water vapor
and the back pack exhaust causing frost which would have an
effect on environment simulation and test duration. The

sources of gas from the back packs are assumed to be at
unspecified locations in the chamber. Primary radial molecular
diffusion from these point sources will impact on test article
walls and on other line of sight surfaces. The water vapor will
probably condense as froct, primarily on the inner wall of the
heat sink. The cryodeposit will build up on the surtaces and will
have a resultant effect on thermal simulation. “

The temperature of a vehicle operating in a vacuum environment
will depend on the surrounding heat sink temperature and
absorptivity. Both apparent heat sink temperature and absorp-
tivity are dependent on the thickness of the cryodeposit. For
operating periods up to one month duration, and considering the
effects of several back packs operating at one pound per hour
discharge rate in a large chamber, the variation in apparent
heat sink temperature due to cryodeposits is probably
negligible. Variation in absorptivity depends on wave length but
is probably negligible.

Back packs will also have an effect on chamber pressure as a
function of the ratio of back pack exhaust and heat sink surface
area. The diffusion pump stations will be exposed to the vapor
evolved. However, only a small amount of gas would escape
primary or secondary impingement on the intercepting envelope
and would be largely condensed before reaching the pumping
station inlets.

2. Communications. Three receiving antennas are

mounted inside both chambers for picking up bio-medical data and
voice communication from the subjects' back packs. Three
separate 8" inside diamter, chamber shell penetrations are
provided at 120° spacing above the lunar plane level to permit
antenna coaxial feedthrough. The telemetry receiving unit will

be part of ground support equipment (GSE) and will provide a con-
tinuous D. C. signal of 0 to 5 volts for each subject's measurements
desired on the Bio-medical Console. FEach of the D,C, signals will
be routed by cable from the GSE to the respective Chamber Junction
Rack where the signal will enter the existing umbilical wiring
system. Mounting plates for antenna suppbrt and cable connections
to suit the selected antenna will be provided on the work zone side
of the cryopanels. o
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